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MEASUREMQJT OF THE INTENSITY OF TURBULENCE 

1. summary: 

An experimental study was made t o  observe t h e  effect of f i n i t e  sampling 

volume on t h e  apparent spec t ra l  broadening of t h e  scat tered light as observed 

by the  Doppler heterodyne technique. This method, with several necessary 

modifications, may be suitable f o r  measuring t h e  sca t te r ing  volume. 

An experiment w a s  car r ied  out t o  plot  t he  veloci ty  prof i le  of laminar flow 

i n  a duct of square cross-section. A Doppler sh i f ted  back-scattered beam w a s  

used i n  t h i s  study. 

su i t ab l i t y  of t h e  present setup f o r  i n i t i a l  experimental studies on a turbulent 

free je t .  

Sat isfactory resul ts  were obtained which indicated t h e  

2. Work Performed: 

A. Measurement of Sampling Volume: 

Theoretical  consideration: The Doppler sh i f t ed  s igna l  has frequency 

spread associated with it and t h i s  spread i s  primarily caused by instrumental 

broadening. 

It has been shown (1) t h a t  frequency spread due t o  f ini te  apertures i n  

t h e  receiving section i s  eliminated i n  the  symmetrical system. However, there  

w i l l  be broadening due t o  f i n i t e  convergency angle of t he  incident beam. 

An approximate calculation of t h e  focal  volume ( t h i s  is the  sca t t e r i rg  

o r  sampling volume i n  t h e  present case) can be made frm theore t ica l  consider- 

ations (2, 3). For s implici ty ,  l e t  us consider tha t  t h e  sampling volume is 



-2- 

cyl indrical  (length 2Az , diameter D ), and the  foca l  tolerance Az, in the A 

direct ion of the op t i ca l  axis i s  

f DA = 2.44 - h a 

where f = focal  length of the  lens ,  a = lens diameter and X = wavelength 

of incident l i gh t .  I n  the  present case, f = 40 cm and a = 10 cm. 

f/a = 4, 

Therefore, 

X = 6.328 x cm 

2Az 0.1'm ( 3 )  . 
DA 1 6.21.1 ( 4 )  

These dimensions are comparable t o  those of the hot w i r e  anemometer (wire 

diameter 

measurement ( 4 ) .  

application, one m a y  f ind t h a t  the use of a larger sampling volume may be 

advantageous i n  turbulence s tudies .  

511 and length : 0.5 mm) and are frequently used f o r  turbulent in tens i ty  

Depending on the turbulence scale  and par t icu lar  engineering 

The above consideration of sampling volume is based on a perfect lens. 

I n  an ac tua l  case the volume may be somewhat larger and the  shape may be 

i r regular .  

a t i ng  a veloci ty  gradient i n  t h e  focal volume and t h e  observation of frequency 

spread ( A f )  around the Doppler shif ted s igna l  (fD) on the spectrum analyzer. 

One direct method of measuring th i s  sampling volume is by incorpor- 

3. Experimental Setup: 

Figures 1 and 2 show the schematic of the  experimental arrangement. Figure 
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1 shows t h a t  there  is a velocity gradient (perpendicular t o  velocity vectors) 

along t h e  radial direct ion,  and i f  a s m a l l  sect ion of radius DA is focused, 

t h e  veloci ty  spread i n  t h i s  section is 

dv 
dr  A A v =  - D  ( 5 )  

where v is t h e  velocity component perpendicular t o  t h e  plane of t h e  paper. 

Here v depends on r and t h e  speed of t h e  motor. 

f igurat ion,  t h e  Doppler sh i f t  (fD) is given by 

In t h i s  geometrical con- 

8 
2 2v s i n  - fD = A 

Because of the  velocity spread Av (Equation 5 ) ,  there  w i l l  be a frequency spread 

dfp associated with fD. By running the motor at  high speed, t h i s  spread can 

be observed using the  spectrum analyzer. 

I n  t h e  experimental arrangement shown i n  Figure 2, t h e  velocity gradient 

is along the  opt ica l  axis (perpendicular t o  t h e  foca l  plane).  

The disc w a s  made of c lear  transparent s i l i con  rubber i n  which pigment 

pa r t i c l e s  were uniformly distributed t o  form sca t te r ing  centers within t h e  

volume sca t te re r .  

edge of t h e  disc.  

The velocity 

beam w i l l  be 

Av = 

and the frequency 

The beam entered through and perpendicular t o  t h e  cyl indrical  

spread (sect ion A, Figure 2) i n  t h e  direction of t h e  incident 

dV - 2A2 dr  

spread A f t '  w i l l  depend cn Av. 

(7) 

It has been s t a t ed  e a r l i e r  that primary cmponents of the  t o t a l  spec t r a l  

broadening (Af) around fD are, i n  the case of t h e  symmetrical system: 

convergence angle and ( 2 )  f i n i t e  scat ter ing volume. 

(1) finite 

The spread due t o  convergence 
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angle a can be wri t ten as 

a 8 
2 2 2v s i n  - cos - U A f D  = - A 

D If t h i s  is  la rge  compared t o  AfDA and Aft', the  contribution from f i n i t e  sampling 

volume w i l l  be d i f f i c u l t  t o  measure. I n  other words, spec t ra l  broadening due t o  

f i n i t e  sampling volume can be considered s ignif icant  i f  t h e  t o t a l  spread (Af) is  

experimentally found grea te r  than Af;. 

broadening A f  w i l l  not be t h e  d i rec t  algebraic sum of t h e  fac tors ,  

c 

It may be pointed out t h a t  t he  spec t ra l  

A f D ,  U Af?, Af;' 

and i n  prac t ice ,  A f  w i l l  be l imited by t he  one which has t h e  l a rges t  magnitude. 

4 .  Ekp erimental Results: 

have ~"1920 cm/sec. 

In  the  experiments, t h e  motor speed was adjusted t o  

I n  a typical  experiment, t h e  Doppler s h i r t  w a s  

= 4.55 MHz, A f  = 270 KHz, motor speed = 4350 r p m  and r = 4.45 cm. From f D  

Equation 8, 

A f i  = 280 KHz 

which shows t h a t  t o t a l  spread was caused by the f i n i t e  convergence angle alone. 

The maximum velocity gradient used i n  these experiments w a s  limited by t h e  

maximum allowable speed of the motor, which was severely l imited while using 

a s i l i con  rubber disc. 

used, t h e  contribution from t h e  f in i t e  sca t te r ing  volume was found insignif icant  

i n  t h e  spec t ra l  broadening. 

Thus, i n  these experiments w i t h  t h e  velocity gradients 

Figure 3 shows the  frequency versus velocity and in tens i ty  versus distance 

p lo t s  as t h e  ro ta t ing  s i l icon  rubber disc  w a s  moved along t h e  opt ica l  axis  

(Figure 2). 
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In tens i ty  is  a maximum when t h e  beam is focused at t h e  edge of t h e  disc 

This is  shown as Ax = 0 point .  (a i r - s i l i con  rubber in te r face) .  

disc is  moved away from t h i s  point the in t ens i ty  falls off sharply , as shown on 

t h e  r igh t  side of t he  Ax = 0 l i n e ,  i . e .  when Ax is  posi t ive.  The curve is less 

steep than expected because t h e  outer surface of t h e  disc i s  not per fec t ly  

spherical  and concentric. 

i .e.  w i t h  the  sca t te r ing  volume inside t h e  s i l i con  rubber disc ,  t h e  in t ens i ty  

falls  off again because of t h e  absorption of the  l i g h t  i n  t h e  medium. 

case, however, frequency f 

as r decreased, v a l so  decreased l inear ly .  

When t h e  

When t h e  d i s c  is moved toward the  lens  (Ax i s  negative),  

In  t h i s  

decreased l i nea r ly  w i t h  Ax which i s  expected because, D 

5. Measurement of Laminar Gas Flow in  a Duct: 

A duct of square cross-section (2 cm x 2 an) was used i n  which dry a i r  

w a s  allowed t o  flow at a known rate. 

aerosol.  

values of velocity.  

Talc par t icu les  (2.5pMMD) were used as 

Experimental data obtained show good agreement with t h e  expected 

Back-scattered beams were used i n  the  symmetrical system. 

It is planned t o  measure turbulent in tens i ty  of a free air  j e t .  The above 

experiment shows tha t  t h e  system parameters are su i tab le  f o r  i n i t i a l  s tudies  

on a known turbulent system. 
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